' INTRODUCTION
Multiple sclerosis (MS) is a chronic and progressive disease that affects the central nervous system (CNS) and is characterized as a demyelinating and inflammatory axon injury (1) (2) (3) ; it is more common in women, especially in middleaged women, than in men (4, 5) . The World Health Organization (WHO) (6) considers MS to be a public health problem since it has a high-cost treatment, high disability rate, and premature mortality. It is estimated that there are 2.5 million people with MS in the world, and in Brazil, it is considered a rare disease with a low prevalence, affecting approximately 13,000 Brazilians with MS disease under treatment (7, 8) .
The etiology of MS is still unknown; the genetic predisposition associated with environmental exposures increases the number of T lymphocytes in the bloodstream, which deregulates the immune process (9) . In the initial phase of MS, the myelin sheath deteriorates, which triggers a progressive interruption of the electrical impulses (3) and leads to a neurological incapacity. Thus, movements are altered due to the decrease in muscle strength and balance, making the basic movements in daily living difficult and compromising the quality of life (10) . Thus, it is of the utmost importance that people with MS be oriented and encouraged to maintain a healthy lifestyle to avoid falls and exclusion from social life and from activities that require physical effort (11) (12) (13) .
Tai-Geiko is an Eastern Bioenergetic Gymnastics program that seeks to work the human organism in a holistic way, namely, from body to mind, through soft exercises. Among the types of physical exercise aimed at the rehabilitation of individuals in a global way, this practice can be carried out according to the individual's physical ability if it is performed mildly. Moreover, it can delay the aggravation of MS since it is founded on the basic activities of a person's daily life. Therefore, Tai-Geiko is proposed to maintain the muscle strength and improve the balance and cognition of healthy or sedentary people (14) . Tai-Geiko also improves emotional control because it focuses on affectivity in order not to limit the independence or functional autonomy of the individual (14) . However, there are no scientific studies on Tai-Geiko that confirm the effectiveness of this technique in people with MS.
Therefore, this study aimed to verify the influence of Tai-Geiko on the physical and functional aspects of individuals with MS. The research questions for this randomized controlled trial were as follows: (1) Does physical exercise with the Tai-Geiko technique improve the physical-functional aspects of people with MS? (2) Do people practicing the Tai-Geiko technique improve the type of body balance that is measured by the force platform?
' MATERIALS AND METHODS

Design
This experimental study was a parallel, randomized controlled trial with a Tai-Geiko physical-exercise intervention. Participants were selected from the population of people with MS in Mato Grosso, Brazil (ASPEM-MT), which was composed of 60 registered patients of both genders. Among them, only 30 individuals were eligible for this study, according to the Expanded Disability Status Scale (EDSS p6 (Figure 1 ).
Participants, therapists, centers
All participants had a diagnosis of MS confirmed by a neurology physician at least 12 months before the experiment, and their inclusion in the research was performed according to the EDSS (15) , which was used to assess the mobility, disease symptoms, emotional state, personal satisfaction, thinking and fatigue, and family situation of the individual. Data were obtained in two stages by a questionnaire and a physical evaluation. In the form, the participants answered questions on sociodemographic aspects. The time locomotion speed was determined according to the EDSS.
For inclusion, all participants had to have a score less than 6.0 (EDSS) (''walking independently without the aid of a walking stick or crutch'') and be under medical supervision. The exclusion criteria were as follows: no medical diagnosis of diseases secondary to MS, such as physical or mental disabilities, heart diseases, dyslipidemias, and diabetes mellitus.
The Tai-Geiko exercise technique was performed by a physical education professional and physiotherapist throughout the intervention period of the study.
Intervention
The participants were randomly divided into two groups (control and experimental). However, four of them refused to participate in the study, 5 were excluded by the research criteria explained below, 1 gave up before the conclusion of the exercise protocol, and 1 could not be reevaluated due to an episodic outbreak of MS. After randomization, the experimental group (EG) waited one month to start Tai-Geiko practice, and the CG maintained its usual routine. Therefore, the final sample consisted of 9 patients in the control group (CG) and 10 patients in the EG practicing Tai-Geiko twice a week for one hour for a period of eight weeks. The intervention protocol can be found in Table 1 .
Outcome measures
A complete anamnesis on the practice of habitual physical bodybuilding, sociodemographic antecedents and state of general health was performed.
The evaluations were performed by the research team, and training in Tai-Geiko was conducted by the physical education professional. Participants were assessed by the EDSS, which quantifies the disabilities occurring in functional systems during the course of MS, the score from 0 (normal neurological examination) to 7.5 (restricted to wheelchairs or beds) (15) . The speed of locomotion in time is associated with the EDSS scale, which was timed, and how long in seconds the patient takes to walk independently on a trajectory (15) .
Prior to the main test, participants performed the test to familiarize themselves with the protocol.
The strength test (kgf) using a dynamometer (16) was repeated three times, and the average of the measurements was calculated. Right and left hand scapular, lumbar and manual strength were evaluated (16, 17) .
The Timed Up and Go mobility test (TUG) assesses mobility, locomotor performance, and balance change. It consisted of timing the movement in a 3 meter course, moving from sitting to standing and walking, in which taking less than 20 seconds to perform corresponded to a low risk of falling; 20 to 29 seconds, a medium risk of falling; and 30 seconds or more; a high risk of falling (18) .
The dual cognitive-motor task was aimed at verifying possible alterations in cognition and/or motor skills; the average time needed for each participant to perform the assigned task of wearing a shirt, buttoning buttons and pronouncing female names was calculated (19, 20) . The Platform EMG system s stabilometric equilibrium test covered the Center of Pressure (CoP) trajectory, CoP AP amplitude, CoP medial-lateral (ML) amplitude and elliptical area; the lower the score, the better was the participant's balance. However, the CoP AP median frequency and CoP ML median frequency were higher when the score was greater than the equilibrium area) (21) .
Demographic data were recorded, including age, sex, comorbidities, lifestyle and classification of MS.
Balance was measured using the force platform, which aims to evaluate the static and dynamic posture and is an instrument considered objective and sensitive to balance deficits. The test was performed with a chair with an adjustable height, which was positioned on the platform. The participants were requested to remain in the orthostatic position on the platform and perform the movement of getting up and sitting down. Moreover, they were instructed to continue with their usual activities and report any symptoms or presence of crisis due to pathology.
The primary endpoint was that at which the physical exercise Tai-Geiko presented/demonstrated improvement of balance. The lateral medial balance showed that a measurement above 3 cm indicated a risk of falling, and an anteroposterior (AP) measurement above 10 cm increased the risk of falling. These data were derived from the force platform.
Ethical issues
The Research Ethics Committee of the Health Sciences Center of the Hospital Universitário Julio Müller (HUJM-UFMT) approved the study under opinion N o U1111-1196-2811 (CAAE: 52661316.5.0000.5541). The study was registered in the Brazilian Registry of Clinical Trials (ReBeC) under number RBR-4sty47. All participants in the study signed an informed consent form, and the investigation was conducted in accordance with the Declaration of Helsinki.
Data analysis
The sample was adopted by the formula below:
where, Z 2 (1-a/2) corresponds to the value of the 95% confidence interval and the error used was 7%, which corresponds to the difference between the proportion of the true MS population and the estimated proportion of individuals with MS; P = the proportion of patients with this pathology; N = total number of individuals with sclerosis that could participate in the research. Therefore, the 19 people who were evaluated corresponded to 63.3% of the total patients in the sample. Data normality was determined by the Shapiro-Wilk test for the pre-and postintervention intergroup analysis. 
' RESULTS
In total, 19 people with MS participated in this study (5 men and 14 women, aged between 14 and 59 years [44.89 ± 10.71 years]). The frequencies of the types of sclerosis that comprised the sample were 84.2% remitting recurrent MS, 10.5% progressive primary MS, and 5.3% progressive secondary MS. After the intervention, for data analysis, 9 patients remained allocated to the CG (disease period of 5 ± 2.94 years), and 10 patients remained allocated to the EG (disease period of 9.1±6.09 years). The participants in the EG were not completely sedentary, 1 had a regular walking practice and underwent physical therapy, and another 1 subject participated in street races. Individuals in the CG practiced other types of exercises: 2 of them performed Pilates, 2 exercised in the gym, and 2 underwent traditional physiotherapy.
There was a significant difference with respect to the righthand grip strength in the CG and the lumbar strength in the EG. There was no significant difference between the groups ( Table 2) .
Regarding the evaluations of physical and cognitive performance, there were no significant differences; only the dual cognitive-motor task (DT2) variable showed differences between the groups at the preintervention time, but it was equalized after the intervention. However, in the comparison of the pre-and postintervention time, the EG showed a significant difference after the intervention in the following variables: TUG, locomotion speed, dual motor task one (DT1), and dual motor task two (DT2) ( Tables 3 and 6 ).
According to the data below, only the variable CoP ML amplitude showed a significant difference after the intervention. However, in the comparison of the pre-and postintervention time, the EG presented a significant difference in the CoP trajectory covered, CoP AP amplitude (AP), CoP AP median frequency, and CoP ML median frequency (Table 4 ).
Regarding the stabilometric variables of sitting motion, there was a significant difference only for the CoP ML amplitude variable after the intervention. However, in the comparison of the pre-and postintervention, the EG presented significant differences for the CoP trajectory covered, CoP AP amplitude, and CoP AP median frequency ( Table 5 ).
Adverse effects on health
One trial participant entered the outbreak ward because of personal emotional issues, and the neurologist decided to remove him from the trial.
The EG participation in the practice of Tai-Geiko for MS consisted of presence above 75% and tolerance monitored by the Borg scale (value up to 8). Membership consisted of providing an extra day to replace absences in the exercise program.
' DISCUSSION
The EG exhibited an improvement in strength, displacement speed, cognitive ability, and balance. The EG had 12 variables improved, whereas the CG showed improvement in only 3 of the 22 evaluated physical performance variables. Moreover, regarding balance, the loss of which is a significant disability attributed to MS, the EG showed results 1. Lying hip lift: dorsal decubitus position on the mat (ground); legs flexed at 90 degrees; they extended the hip keeping the shoulders and arms on the ground, contracting the gluteal muscles and abdomen; the movement went up to the hip to align with the spine and then returned to the initial position. 2. Squat: orthostatic position; feet slightly wider than shoulder width; they flexed their knees at approximately 90 degrees, returning to the initial position. 3. Balancing exercises: standing balance will be worked on, in which the people will stay with only one foot fixed on the ground and the other suspended, first with open eyes and then with closed eyes. 4. Lumbar flexion: orthostatic position; feet farther than the shoulders; the trunk flexed forward until the hands touch the ground and then a return to the initial position; with use of the stick. 5. Therapy Ryoho: 15 min, introduction to the Shiatsu (Japanese method of finger pressure massage by the body). significantly better than those observed in the CG in the final evaluation for the measurement of the ML amplitude, which is specific and determinant for the improvement of this physical variable. There was a significant difference between the groups in the primary endpoint (i.e., physical activity of mild to moderate intensity improved in the EG after 8 weeks at the midlateral balance, with a p value of 0.04).
Regarding scapular and hand muscle strength, there was no significant difference between the groups, and no change was verified in the EG. These results can be partly explained by the fact that Tai-Geiko is an exercise of mild to moderate intensity and is not specifically aimed at the strength of upper limbs (14) . The improvement in the CG only in hand grip may have occurred due to the practice of other physical activities, such as Pilates, weight training, and physical therapy for MS. These activities were performed twice a week, totaling 120 min weekly, on average. EDSS is a measure that reports the progression and consequent worsening of MS symptoms, and in this case, the EG started participating in this study with a score that was half a point higher (classified as having minimum disability), and the CG was classified as without disability. Therefore, it was expected that the trainability of the strength variable was more compromised in the EG (16) . In this sense, the increase in strength even without significance is an important result for the EG because a decrease in this variable with disease progression was expected.
During the Tai-Geiko protocol, the EG did not undergo physiotherapeutic treatment or other physical activity.
There was an increase in lumbar muscle strength only in the EG. This may be justified by the effect of learning motor and cognitive control techniques specific to Tai-Geiko (22, 23) . This practice requires many postures of isometric maintenance and respiratory control, consciously activating the muscles in the middle of the body and pelvic girdle muscles. Thus, this modality potentiates the neuromuscular stimuli with alterations of intensity associated with conscious control of postures, offering stimuli that can compensate for the slowing of nerve impulses (24) .
The present study lasted eight weeks of intervention, supported by findings that showed that eight-to twelve-week progressive loading training can increase muscle strength in people with MS (25) (26) (27) (28) . On the other hand, it has been demonstrated that high-intensity training can (27) improve strength but is not effective in the balance of people with MS (29) . Thus, Tai-Geiko, as a proposal for light to moderate global activity, has shown responsive stimulation sufficient for the performance of both strength and balance in people with MS. Quite possibly, characteristics of body postures with different levels of coordination and balance required by the Tai-Geiko techniques positively impacted these variables.
In the EG, after the intervention, the Tai-Geiko exercise improved the aspects of functional and cognitive ability. In these patients, the improvement may be correlated with the balance since it makes the patient more confident in walking. Similarly, other authors (30) (31) (32) (33) reported an improvement in the walking speed and balance after aerobic exercise, positively interfering with agility and dual task performance. Thus, in our study, it was possible to observe an improvement in the dual task in the intragroup analysis after the Tai-Geiko intervention.
The EG had an improvement in the TUG and in the two dual task tests, whereas the CG only had an improvement in the TUG. Although there was no difference in the intragroup comparison, these results demonstrate that Tai-Geiko had an important impact on cognitive and learning aspects in the EG compared with the CG. Other studies have shown that these improvements occur after 12 weeks of physical exercise in dual task tests (19) . Thus, the result found in our study becomes more relevant, given that in only 8 weeks of Tai-Geiko practice, important changes occurred in these variables, which could be more prominent in a longer intervention time.
The standing and sitting test is considered simple, but it can be a useful tool to assess the consequences of impaired balance in people with MS (21) . In our study, this test was performed on a force platform to make the standing and sitting analysis more sensitive with a stabilometric measure (21) . Thus, regarding the stabilometric variable, the AP amplitude in the standing stage was improved in the EG, possibly because the Tai-Geiko stimulates the body consciousness interiorization when the standing motion is performed (14) . Regarding the sitting stage, the AP amplitude was improved in the two groups. The sitting motion is more passive and does not require as much body consciousness to initiate the motion, and it is aided by the action of gravity. This fact can be explained by the motor learning from the test, which improved the retesting on the force platform.
Change in the ML amplitude is one of the main deficits in people with MS, leading to an increase in the postural balance due to balance disturbances that are adjusted by the hip joint after activating the abductor and adductor musculature (34) . The results presented here are consistent with those in the previous literature since only ML amplitude showed improvement in the Tai-Geiko EG. This balance recovery works in conjunction with the sensory, visual, and proprioceptive systems (34, 35) , which may have been stimulated by the experimental protocol, considering the fact that Tai-Geiko is performed with proprioceptive and visual exercises combined with meditation. Thus, movements performed during Tai-Geiko practice contributed to strengthening the pelvic girdle, which stabilizes and harmonizes the ML displacement, resulting in better balance and consequently better confidence in walking and performing the activities of daily living.
The number of people with MS who could be included in the research was one of the limiting factors in this study. Additionally, the studied sample universe was accessed in its entirety, but we did not have a larger contingent that allowed us to use the simple draw criterion since there were no more individuals to be allocated to the research. Additionally, people from the CG practiced other activities, such as Pilates and regular physiotherapy, which could have interfered with the results; moreover, due to ethical reasons, the routines of this group were not changed. On the other hand, it is very difficult to obtain homogenous groups of people with MS because each individual has specific characteristics relating to this disease, and they participate in distinct programs of rehabilitation. This fact demonstrates the importance of protocols that can provide proven benefits for this population.
' CONCLUSION
The Tai-Geiko practice can be suggested as a complementary exercise in the rehabilitation of people with MS, aiming at improving functional ability and contributing to motor and cognitive performance. Thus, Tai-Geiko allows people with MS to not limit themselves from carrying out activities of daily and social living due to fear of falling and exclusion.
' ACKNOWLEDGMENTS
The investigators acknowledge the contribution of Cesar F. Amorim in training the platform de force and all participants of this study. This study was supported by (CNPq MCT-/MS-SCTIE-DECIT) and by the Foundation for Research Support of the state of Mato Grosso (FAPEMAT).
' AUTHOR CONTRIBUTIONS
Ultramari VRLM, Calvo APC, Rodrigues RAS, Fett WCR, Moraes Neto JU, Ferraz AF, Kommers M, Borges HHS, Viana MV, Cattafesta M, Salaroli LB and Fett CA contributed to the conceptualization, data curation, formal analysis, funding acquisition, investigation, methodology, project administration, resources, supervision, validation, visualization, writingoriginal draft, and writing-review and editing.
